This paper uses potential function to build a coupling model: firstly, it divides forest value into three subsystems including economic value, ecological value, and social value, and set the index according to their characteristics; then it studies empirically the coupling relationship among economic value, ecological value, and social value of forest in China from 2008 to 2016. The results show that from 2008 to 2016, the overall coordination among economic value, ecological value, and social value of forest in China is poor while the overall trend is continuous growing, and ecological value of forest has a higher weight. In the future, China should pay attention to the development, protection and utilization of ecological forest value to achieve their sustainable development. APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):8693-8712. http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1704_86938712  2019, ALÖKI Kft., Budapest, Hungary relationship between these two? This issue has become one of the key forest issues for scholars' research. From the perspective of value, Deng et al. (2002) use "shadow engineering" and other methods to study the value of water conservation in the forest ecosystem in the upper reaches of the Yangtze River, Zhang and Khalique (2018) showing that the annual economic value of water conservation in the forest ecosystem is 160.6179 billion yuan (equivalent to a quarter of the GDP in that region in 1999), and the forest ecosystem is so effective for human beings that the country should pay attention to and protect the ecological value of forest. Through the evaluation method combining quality and value, Zhang et al. (2007) and Shrestha and Baral (2018) use shadow engineering approach, market value approach, and production cost, etc. to quantitatively study the service value of forest ecosystem in Gansu Province. The results show that the economic value of water conservation in the forest ecosystem in Gansu is 256 million yuan/a; the economic value of forest-maintained soil is 4.748 billion yuan/a; the value of forest purified water is 248 million yuan/a; the value of CO2 fixation is 11.532 billion yuan/a; the value of O2 release is 13.124 billion yuan/a; the value of SO2 absorption is 388 million yuan/a; the value of dust retention is 15.639 billion yuan/a; and the value of forest ecological service function in Gansu Province is 44.712 billion yuan, accounting for 23.19% of the province's GNP. These help to see visually the important role of the ecological value of forest, requiring formulation of more reasonable operation model to achieve sustainable development of ecological economy. Pang et al. (2016), Cong et al. (2017) and Austin et al. (2018) use distributed measurement to evaluate the service value of forest ecosystem in Helan Mountain National Nature Reserve in Ningxia.
Introduction
Forests are the larges ecosystems on land, supporting the humanity's important mission of sustainable development, regulation of ecological balance, and development of low-carbon economy (Li and Zhao, 2017) . With the changes in current social environment and natural economic environment, human beings traditional use pattern of forest could no longer meet the needs of modern economic development.
On the one hand, the sustainable growth of the forestry industry economy is inseparable from the demand for forest resources; on the other hand, the deteriorating ecological environment and people's demand for a better society require us to protect the only remaining forest resources. In terms of the products and functions provided by forest, it can not only provide ecological services such as water conservation, carbon fixation and oxygen production, and air purification, etc. but also develop tourism; it is also a major production materials for the manufacturing industry, promoting economic development . For this reason, ways to develop forest resources and maximize their own value is of particular importance. Should we protect forest ecological environment or develop forestry economic industry? And what is the economic and social benefits of national forest parks. and Ali et al. (2018) start from the perspective of producers to calculate the recreational value of 39 forest parks in Qinling via marginal opportunity cost method. The results show that the total value of forest recreation is 21.63 billion yuan while the ecological value of forest itself accounts for 74.12%, showing that the ecological function of forest itself can better promote the development of forest tourism. From the perspective of theoretical innovation, Liu and Huang (2007) and Jamil et al. (2018) make theoretical innovation from interest-orientation principle, public product theory, and spillover benefit correction theory to coordinate the relationship between forestry ecological benefits and economic benefits; they also propose to rely on market mechanism to adjust the average level of profit by government imputing certain profit parameters to the market so that both forestry activities with or without lumbering can achieve social average profit. Based on complex system theory, Dong and Zhang (2013) use gray correlation evaluation model, and take the calculation method of slope correlation to build a coupling model of the forestry industry and the forest ecosystem; they also take Yichun Shuangfeng Forestry Bureau as an example (Marina et al., 2013; Gautam et al., 2019) , and conduct experimental study to find that the degree of coupling between forestry industry and forest ecosystem in that area is 0.47, thus further draw the conclusion that the relationship between forestry industry development and forest ecosystem in that area is moderate and their relevant impact is general (Liao and Zhang, 2017; Tao, 2018) . It can be seen that the researches on forest value by Chinese and foreign experts and scholars stays on the basis of comparison to obtain the ratio of the ecological value of the forest to the total value or the differences between the social value of forest and the income that is already earned, while they do not involve the degree of relationship among the three or the content of coordination relationship. This study conducts an empirical study by building a coupling relationship model of the economic value, ecological value, and social value of forest (Dong et al., 2017) , trying to explain the coordination relationship among the three major values of forest and provide a theoretical basis for specifying the future development of forest value.
Materials and Methods
Coupling, in physics, refers to the phenomenon in which two or more systems or two forms of motion connect by impact on each other through various interactions, and such dynamic phenomenon is also called coupling effect. The coordination degree of coupling effect is related to dynamic cycle operation of the whole system; at the same time (Zhang, 2016; Dali and Kamarudin, 2018) , it can also reflect the coordination state of the development of things that strong coordination means good development while discordance or conflict means development degeneration or stagnation. Coupling effect has been widely used in many fields including sociology, ecology, and economics, etc. based on its characteristics (Wu et al., 2014; Sarwar et al., 2019 The premise of presenting the efficacy of economic value, ecological value, and social value of forest is to build a potential function based on coupling effect. Assume U1 represents the economic value subsystem of forest, U2 represents the ecological value subsystem of forest, U3 represents the social value subsystem of forest (Zhou et al., 2018; Babaranti et al., 2019) , and represents the observation value of the jth statistical indicator in subsystem i, then the potential function of subsystem i, subsystem j, and subsystem z is (Eq.1):
where represents the normalized value of the jth statistical indicator in subsystem i. The normalized processing formulae for this value include positive normalization and negative normalization, respectively (Eq.2):
represents the weight of the jth statistical indicator in subsystem i, and meets the following condition (Eq.3):
Based on the coupling model built by potential function, the generalized expression of the n-dimensional coupling degree model is (Eq.4):
Since the subsystems involved in this study are economic value, social value, and ecological value of forest, the coupling models of the following three subsystems can be derived (Eq.5): In order to further measure the overall coordination degree and efficacy coordination of the system (Yang et al., 2019; Majumder et al., 2019) , we also need to formulate a coupling coordination function to measure the coupling degree among economic value, social value, and ecological value of forest in China. The expression formula of D the coupling coordination function is (Eq.6):
where T represents the coupling coordination degree among economic value subsystem, social value subsystem, and ecological value subsystem of forest; H represents the degree of coupling among the subsystems; C represents the coordination coefficient among the subsystems; k, α, β, and γ are parameters; k is a constant quantity value of 0.5; α, β, and γ are determined in accordance with the degrees of importance of the economic value, social value, and ecological value of forest in total value of forest. This study first assumes the values of α, β and γ are 0.33 -in equally important position.
In accordance with the coupling relationship among economic value, social value, and ecological value of forest, such coupling relationship can be divided into three categories: sound development, moderate development and slow development; and the coordination degree can be divided into five levels: excellent coordination, good coordination, moderate coordination, weak coordination, and poor coordination. The details are shown in Table 1 .
Results
Based on the existing research and the principles of scientificity, reliability, systematicness, availability, and measurability, etc., this study selects appropriate measurement index, uses the combination of qualitative and quantitative methods to express the data, and conducts a comparative study of index data to achieve accurate measurement results with more reference valuable. The evaluation system designed in this study includes three subsystems, namely economic value of forest, ecological value of forest and social value of forest. Economic value of forest is mainly reflected in the two aspects including economic benefit and economic structure. http Economic benefit is objective expression of the total amount of forest economy, mainly in five aspects: (1) total output value of forestry industry, namely the sum of the value created by various production and processing based on forestry industry; (2) contribution rate of forestry industry, namely the ratio of the total output value increase of forestry in national GDP growth; (3) the central government's investment amount in the development of forestry economy, namely state's funds for ecological construction, ecological compensation, and forest disaster management; (4) investment amount of local finance in forestry economic development, namely local governments' construction capital for forestry economic development, and (5) ecological construction and protection funds, namely the central and local governments' total ecological compensation that is absorbed because of the ecological benefits of forestry industry.
Forestry economic structure shows the resource allocation of forestry resource elements in various industries, and the industrial structure of forestry is an important factor to promote the development of forestry economy. This study chooses the structural proportions of various industries in forestry industry to reflect if the forestry industry structure is reasonable. By referring to the evaluation system of forest ecological status in Specifications for Assessment of Forest Ecosystem Services in China and National Level Criteria and Indicators of Sustainable Forest Management in China, this study's selection of forest ecological index mainly reflects the ecological basis, ecological structure, forest health, and ecological protection of forest. Ecological basis of forest mainly focuses on three aspects: (1) forest coverage rate, namely the proportion of forest area on land, the degree of greening of land, and the abundance of ecological resources in China; (2) the amount of forest reserves, namely the total amount of various kinds of forest wood in the forests; and (3) afforestation area, the sum of national afforestation area each year. Ecological structure reflects the accumulation of each forest species. Forest health mainly investigates disaster situation of forests. The indicator system of ecological protection function is established based on the indicator system of ecological service of forest. As there are multiple methods to estimate the value of ecological service of forest, and the measurement of some physical quantities cannot be objective and accurate, this study chooses the construction situation of ecological protection projects of forest to reflect the service function of forest. The first is the natural forest protection project. Natural forest has natural advantages that artificial forest cannot match, including great biodiversity, strong self-recovering ability and adaptability to environment and anti-disaster ability. It can better exert forests' functions of water conservation, climate regulation, and biodiversity increase, therefore the construction area of natural forest protection project can reflect the ecological benefits of forests. The second is the project of returning farmland to forests. This project is one of the important national policies for implementing the western development strategy in China. It can improve soil erosion and desert wasteland; at the same time, number of its acres can also be used as a basis for national subsidy. The third is the sand control project. It can improve wind prevention and sand fixation of forest to further reflect the ecological http service value of wind prevention and sand fixation of forest. The fourth is the shelter forest system project. It can resist natural disasters, protect infrastructure and production, improve the environment, maintain ecological peace, and reduce pollution, etc. In accordance with different protection purposes, we can establish various forests with ecological service functions such as water conservation forest, soil and water conservation forest, and landscape shelter forests, etc. Therefore the construction area of shelter forest can be regarded as an important indicator that reflects the ecological protection function. The fifth is the area of nature reserve. This can be taken as an indicator that has impact on the biodiversity of forest. The sixth is the value of forestry ecological service. This is the value of forestry ecological service that has formed industrial activities in the tertiary industry of forestry, e.g. recreation in forest, soil and water conservation, carbon sequestration, and conservation of biodiversity, etc. For social value of forest, as its accounting system is not complete and there are no national accounting indicators, this study integrates the existing literature research and divides the social value of forest in three aspects -value of people's livelihood, value of tourism, and value of culture. Value of people's livelihood uses the number of forestry employees and their average salary to reflect the beneficial contribution of forestry economic development to society. Value of tourism uses the tourism and leisure service value of forestry for reflection. And value of culture reflects the abstract value of forest. Therefore, this study chooses the approximate forest park area and popularity index of forest park to alternatively reflect the cultural value of the forest (Meza, 2018) .
Since there is a certain difference in the importance of indicators in different systems, the indicators need to be weighted before coupling analysis. At present, the weighted analysis methods (e.g. expert investigation and analytic hierarchy process) used by most scholars have strong subjectivity; therefore the obtained index weights may have some errors. This study uses objective weighting method and entropy method based on the variation coefficient of objective things to weight each indicator. Specific steps are as follows:
(1) Standardize the index by standardized formula (Eq.7):
where y represents the value after standardization and s is standard deviation with the formula as (Eq.8):
̅ is the average of the variables with the calculation formula as (Eq.9): After standardization, different data variables have the same variance and mean value, so they can be directly compared.
(2) Calculate the proportion of the standardized values in the subsystem, represents the proportion of indicator j in subsystem i in the standardized subsystem, and represents the standardized value of indicator j in subsystem i, the formula is (Eq.10):
The entropy value of indicator j in subsystem i can be calculated in accordance with the formula (Eq.11):
where k is coordinating parameter.
(3) Calculate the variation coefficient l of indicator j in subsystem i, the formula is (Eq.12): The weights of the indicators in each system calculated with this method are shown in Table 2 .
Discussion
As an important resource asset, forest can not only provide timber and other plant assets for the development of national economy and people's life, but also functions as an important environmental asset and the largest environmental carrier on land with a basic status in developing low-carbon economy and ecological civilization; meanwhile, as an important part of terrestrial ecosystem, forest is also the habitat of biodiversity, playing the role of water conservation, soil conservation, wind prevention and sand fixation, and climate regulation and change, etc. while functioning as the important site to absorb carbon dioxide and sulfur dioxide (Hernández, 2019) . It undertakes two major missions of optimizing environment and promoting production. General Secretary Xi Jinping also proposes that we need both valuable assets, and more importantly, lucid waters and lush mountains; after all, lucid waters and lush mountains are invaluable assets. http , 2018) . First, the original data is standardized; then the weight of each index system is calculated by "entropy weight method" and the calculation result is brought into the potential function to obtain the values of economic value, ecological value and social value of forest; finally, coupling model and coupling coordination model are used to calculate the final results shown in Tables 3 and 4 . Table 3 is the coupling values of the economic value, ecological value and social value of forest. In accordance with the coupling degree indicator H described above, the value range is 0 to 1, higher value means higher coupling degree, and conversely, lower value means lower coupling degree. It can be seen from the data in Table 3 that the coupling degree among economic value, ecological value and social value of forest is high with the average value of all values reaching 0.83, proving the great influence among the economic value, ecological value and social value of forest; the coupling degree increased year by year from 2008 to 2012, showing that the country has made basic achievements in forestry construction since the reform and opening up, a series of initiatives such as the construction of six major ecological protection projects, development of forest tourism, rapid development of the forestry tertiary industry, and continuous implementation of national policy to change desertification have made the value of forest more and more prominent, and the values of forest are moving toward healthy and good development trend steadily.
It can be seen from Table 4 (Table 5) , the ecological value of forest is also significantly higher than the economic value and social value of forest (Wang, 2019). The following figure shows the variation curves of the potential function of economic value, ecological value and social value subsystems of forest ( Fig. 1) . It can be seen that since 2009, the forestry economic value in China has increased year by year and the social value has also increased, showing that Chinese forestry keeps developing and the social economy is also growing. The reason is that on one hand, the output value of the forestry industry is increasing year by year, and contributions of the secondary industry and tertiary industry are increasing; on the other hand, the level of urbanization is increasing and the per capita income of forestry people rises as well. The curve of ecological value http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1704_86938712  2019, ALÖKI Kft., Budapest, Hungary of forest is more fluctuating, showing an inverted U-shape development. The rising of ecological value curve in 2009 indicates increasing carrying capacity of forest environment, and this is inseparable from the afforestation area and forestry ecological construction in that year.
Figure 1. Variation curves of the potential function of subsystems of forest value
There was an inflection point in 2011 with the minimum of 0.129. The reason may be related to the forestry development policy in recent years such as the reform of collective forest property right system. In addition, forest is a complex system integrating the primary industry (forest management, etc.), the secondary industry (wood processing, etc.), and tertiary industry (ecological service construction, etc.), increase in the primary industry can promote the development of tertiary industry, and efforts in ecological construction can also increase the output value of the primary industry. For the output value of forestry industry in the past few years, the output value of the second industry was the largest in 2011, while such increase would inevitably lead to excessive exploitation and utilization of forest resources, resulting in imbalanced forest resource structure. This, together with an increase in the damage area of forest and decrease in the construction of ecological protection, will inevitably lead to degradation of forest ecosystem and the lowest ecological value of forest.
In addition, when studying the weight of each subsystem, the author finds that the weight of each indicator in subsystems of forest value is higher than other indicators, and their rankings are higher; therefore, the author adjusts the parameters in the coordination function with the adjusted ratio of α:β:γ = 4:21:1, and takes them into the coupling coordination model to obtain Table 6 .
It can be seen from the data in Table 6 that the coupling coordination degree among subsystems of forest value showed a fluctuating rise from 2008 to 2016, and it increased by one level from 2013 with the highest increase. The reason is that in 2011, the State Council held Working Conference on National Natural Forest Resources Protection Therefore, under such policy, the coupling coordination indicator of forest values rose greatly from 2012 and increase in the ecological value of forest played a crucial role . The reason for fall in 2014 was that the afforestation area in 2014 was 550.45 million hectares less than that in 2013, at the same time, the construction area of natural forest protection project and the area of sand control project were also less than in 2013, and slow growth of forest ecological construction caused slow increase in the ecological value of forest and reduced coupling coordination degree among forest values (Martínez, 2019) . To sum up, it can be seen from the above that the development of ecological value of forest plays an important role in the development of the entire forestry economy, and insisting on implementation of afforestation, development of six major forestry projects, and development of forest recreation value is an inevitable choice for China to develop forestry economy as well as a necessary condition for sustainable development of forestry (Asgari, 2018) .
To reflect the role of the ecological value of forest in the total value of forest more clearly, the coupling coordination degree T' after adjusting coefficients is compared with the coupling coordination degree T before adjustment (Fig. 2) It can be seen clearly that from 2012, the ecological value of forest greatly increased the coupling coordination degree among the total values of forest, having better function in coordination and development of subsystems.
Conclusion
This study uses potential function and the coupling effect in physics to build a coupling model, conducts research on the economic value, ecological value and social value of forest from the quantitative point of view, and builds indicator systems from nine perspectives respectively including economic benefit, economic structure, ecological basis, ecological structure, forest health condition, ecological protection function, value of people's livelihood, tourism value of forest, and cultural value of forest (Zeng et al., 2018) ; it also studies the coupling relationship among economic value, ecological value and social value of forest in China from 2008 to 2016 and draws the following conclusions:
(1) The overall coordination degree among economic value, ecological value and social value of forest in China is poor. The coordination degree of all samples was at the level of poor coordination before 2016 and entered into the level of weak coordination after 2016 (Lu et al., 2019) . Both levels belong to the state of slow and uncoordinated development, but the ecological value of forest always accounted for a higher proportion than economic value and social value. Therefore, China should continue to adhere to the construction of ecological civilization, improve the ecological environment of forest, and enhance the level of coordination degree of forest values.
(2) From the perspective of national policies, in 2011, State Forestry Administration promulgated the Twelfth Five-Year Plan for forestry and began to implement the 2 nd Phase of National Natural Forest Resources Protection Project, having an important impact on the promotion of the ecological value of forest. After 2012, the coordination degree among forest values also improved faster than before and gradually developed to the upper level. This also shows that the promotion of the ecological value of forest can  2019, ALÖKI Kft., Budapest, Hungary more effectively promote the economic value and social value of forest so that the relationship among forest values would become more harmonious, and developing the ecological value of forest is an important measure to achieve sustainable development of forest in future.
(3) From the perspective of the index weight of subsystems, what impacts greatly on the weights of index systems is mainly concentrated in the ecological value subsystem of forest with afforestation area accounting for the largest proportion. Therefore, China should adhere to afforestation and restore forest ecological barrier. Secondly, the value of forest tourism has increased year by year with its weight also higher compared with the index in other social value subsystems. This shows that with the development of society, people have better payment ability and increasing recognition that forest tourism can bring more physical and mental pleasure. People's willingness to return to nature and close to nature rises, and the income of national forest tourism also rises continuously. Development of forest tourism can promote the overall increase of the social value and economic value of forest. From the economic structure of forestry industry, with the increasing output value of the tertiary industry of forestry, the potential function value of economic value of forest also increases year by year, showing that the tertiary industry of forest and the economic value of forest are positively related, and active development of the tertiary industry of forest will help improve the economic and ecological value of forest.
(4) By adjusting the parameters of the coupling coordination model, we can clearly see the impact of the ecological value of forest on the overall forest value coordination model. However, increase in only the ecological basis and ecological protection function of forest is not enough to improve the ecological value of forest and exert the ecological benefits of forest, and the country must give certain financial support. Although the country started pilots for ecological benefit subsidy in 2001 and provided certain ecological construction investment every year, ecological subsidy still accounted for a small proportion, not enough to compensate the speed of ecological damage. Therefore, China should promulgate relevant laws and regulations, follow the principle of "whoever benefits shall pay" and "whoever damages shall compensate", and charge certain ecological compensation fee from the direct beneficiaries and direct wrongdoers of forest ecology to increase forest ecological compensation funds, improve social awareness of ecological construction and environmental protection, and promote sustainable development of forests .
Forest ecological protection work is a systematic project that needs the participation of the whole people. It needs the strength of the people to complete. Therefore, if we want to achieve the protection of forest ecological resources, we must do a good job in propaganda, enhance the awareness of the importance of forest protection, let them fully realize the importance of forest ecological resources protection, consciously participate in the ranks of forest ecological resources protection.
